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By G. Chester Furlong
SUMMARY

Resulte are presented of exploratory tests obtalned with leading-
edge wing chord-extenslons on two 52° sweptback wings. Both wings
exhibit a vortex flow simllar to that which has been observed on tri-
angular wings. One wlng Incorporated circular-arc airfoll sectioms,

" and the other wing incorporated NACA 611-1—112 airfoll sections. The

aspect ratio was approximately 2.85 for each wing. The teats were con—6
ducted at a Reynolds number and Mech number in the vicinity of 6.0 x 10
and 0.12, respsctively.

The results constitute preliminary observations and Indlcate that,
on the wing Incorporating circular-arc airfoll sectlons, sharp-nose
chord-extenslons reduced the asrodynemic-center shift obtained over the
entire 1ift range with the plain wing from 37 to 5 percent of the mean
aerodynamic chord. The chord-extenslons covered the outer 0.25 semispan
and had chords 0.1lt7 of the mesn aserodynamic chord. With & reduced chord
or span, the stabilizing effectiveness of the chord-extensions was re-
duced 1n the vicinity of maximum 1ift.

The spplication of round-nose chord-extensions over approximately
the outer 0.43 semispasn on the wing incorporating NACA 611-1-112 airfoll

gections substantlally Improved the longlitudinal stability.

. An aenalysis of the flow would Indlcate that the diffusion, at the -
plan-form discontlnuity provided by the chord-extensions, of the vortex
flow emanating from the wilng apex, and for samg condltions the formation
of a secondary vortex flow over the chord-extensions, was responsible
for the improvement in the longlitudingl stebllity of the itwo wings
tested.

UNCLASSIFIED
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The longltudinel stabllity obtalned with chord-extenslions was as
good a8 that obteined with extensible leading-edge flaps.

INTRODUCTION

. The pregence of a vortex type of flow on sweptback wings of certain
agpect ratios and thickness ratlos can produce large umdeslirable changes
in longitudinal stability at 1ift coefficients well below maximum 11ift
(reference 1). The vortex flow referred to 1s similar to that which has
been observed on thin or sharp-edge trisngular wings snd which is quali-
tatlvely described In reference 2.

The data presented in references 1, 2, and 3 indicate that the
presence of the vortex flow over the tip sectlions csused en increase in
11ift at these sections which was responsible for the initial stabilizing
asrodynamic-center shift. This initlal shift in the serocdynamic center,
furthermors, constitutes a large portion of the aerodynemic-center
travel over the entire 1lift range. It wae assumed that the elimination
or dissipatlon of this vortex flow over ths tip sectloms would result
in an appreciable reduction in the over-gll aerodynamic-center travel.
Same reduction was obtained in the tests reported in reference 1 through
the application of extensible leading-edge flaps. Subsequent tests on
the same wing indicated that the greatest reducticn Iin asrodynamic-center
travel that could be cbtalned was critically dependent on the spanwise
location of the plan-form discontinulty that occurred at the inboard end
of the leasding-edge flape. The dependence of the improvement in stability
on the plan~form discontinuity suggested the possibility that small-span
chord-extensions could provide the dlscontinuity necessary to upset the
effect of the vortex flow. Such a device could be extended when required,
or 1f the high-speed characteristics proved satisfactory, it could be
fixed. In elther case, the chord-extenslons would appear to be less
canplicated than the stall-control devices currently belng used on swept-
back wings which exhibit the vortex flow.

The present paper presents the results of exploratory tests obtained
with outboard wing chord-extensions on two 52C eweptback wings which
exhibit the vortex flow. A coamparison is made of the effects of
extensible leading-edge £laps with the effects of the chord-extemsions
on the 1ift, drag, and pitching-moment characteristics of each wing.

incorporated NACA 6#1-112 alrfoll sections. The aspect ratio was approxi-
mately 2.8 for each wing.

The term "chord-extension” i1s used herein to designate s device which
extends the normal wing chord over an outboard portion of the leading
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edge. The purpose of thls device is to improve the longltudinal stabllity
characteristics of swept'ba.ck wings which exhibit a vortex flow lying on
the upper surface.. -

SYMBOLS
CL 1ift coefficient (Z'-i—f—t-)
_ as
c drag coefficient | 2X2E
D as
Ch pltching-moment coefficient about 0.25¢
(Pitching moment)
gSc
Too approximate asrodynamlc-center locatlon, percent ¢
0.25 e
dCr,
a angle of attack, degrees
R Reynolds number
q gtream dynamic pressure, pounds per square foot
M Mech number
S wing area (basic wing)
b wing span
5 b/2
c meen aserodynsmic chord 5 f cedy
o
A aspect ratio
A taper ratio
c local chord
y - spanwlse ordinate
— : rate of change of pltching-moment coefficlent with 1ift

acr, : coefflicient
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MODELS, TESTS, AND CORRECTIONS

Mcdel .- The model plan forms, together with pertinent geometric
dimensions, are shown In flgure 1. Nelther model hed dihedral or twist.
The wing Incorporating symmetricel clircular-arc airfoll sections normal
to the 0.50-chord line (line of maximum thicknese) had a 9.8-percent-
chord thickness at the root and a 6.l-percent-chord thickness at the
tip. The other wing incorporated NACA 6h -112 airfoll sections normal

to the 0.282-chord line.

The extensible leading-edge flaps and wing chord-extensions tested
on each wing model are shown in figure 2. . L

The 520 sweptback wing having sn aspect ratio of 2.84 and incorpo-
rating circular-arc alrfoll sections is referred to as the “circular-arc
wing, and the 52° eweptback wing having an asgpect ratio of 2.88 and
incorporating NACA 6&1-112 alirfoll sectione 1s referred to as the

"6h-geries" wing.

L

The 6h-series wing 1s shown mounted on the two-support system of
the Langley 19-foot pressure tummel in figure 3.

Testg.- The tests were conducted in the Langley 19-foot pressure
tunnel with the air compressed to an absolute pressure of 33 pounds per
square inch.

Data were obtalned on the c¢ircular-arc wing end 64-series wing at
the conditione listed in the following table:

1 q
Configuration R M (lb/sq £1)
Plain wing | 6.0 x 166| o0.12 46
Circular-arc wing
A1l others | 5.5 A1 . Lo
Plain wing | 6.0 12 46
fh-series wing
All others | 6.0 . A2 L6

The Reynolds numbers were based cn the respective mean aercdynamic
chords.
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Lift, drag, and plitching-moment data were obtained through an
angle-of-a.ttack range from a.pproximately -4° to an angle beyond maxrimum
1ift.

Corrections.- The 1lift, drag, end pitching moment have been
corrsected for support tare end strut Interference as determined by tare
tests. The angles of attack and drag data have been corrected for Jet-
boundary effects by the method presented In reference 4. The pitching-
mcoment date have been corrected for jet-boundary effects by an extension
of the method presented in reference 4. Tn addition, the angles of
attack have been corrected for alr-stresm misalinement.

RESULTS AND DISCUSSION

Force Characteristics

The 1ift, drag, and pltching-moment characteristics obtained for
the circular-arc wing equipped with chord-extensions of various spans
end chords and an extensible leading-edge flap are presented in
figures h- to 7. Similar data are presented for the 64-geries wing in
Plgures 8 to 11. Comparisons of the longltudinal stebility obtained
with these devices have been maede in figures 12 and 13 where variatlions
of instantaneous aerodynamic center are plotted against 1ift coefficlent
for the circular-arc and 6h-series wing, respectively. The values of
asrodynamic center in the high-1i1ft range are of an approximate nature,
inssmuch as the drag has not been taken into account in the calculations.

Tn the present investigation the inboard-end locations of the chord-
extenslicons were Belected on the basls of more extensive tests (umpublished
data) with extensible leading-edge flaps.

Circular-arc wing.~- The plain wing exhlblted large undesirsble shifts
in asrodynamic center throughout the 11ift renge. The ghift of the aesro-
dynamic center from its most forward to most rearward position between
zero and maximum 1i1Pt emounted to 37 percent of the mean eerodynsmic
chord (figs. 4 and 12(a)). Outboard chord-extensions having 6-inch
chords (14.7 percent ¢) and located over approximately the outer 25 per-
cent of the semispan reduced the asrodynamic-center travel of the plain
wing to a 5-percent mean-asrodynamic~chord shift between zero and maximum
11ft (figs. 4 end 12(a)). The spans of the 6-inch chord-extenslions were
reduced to 0.13 and 0.06 of the semispan while the inboard ends of the
chord-extensions were flxed at the same spanwise posltion. The pitching-
moment characteristics obtained with the 6-inch chord-extensions of
reduced spans are presented in figure L. The variations in aerodynamic
center with 1ift coefficlent obtalned with the chord-extensions of
reduced span (fig. 12(a)) indicate Increases in asrodynamic-center travel
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in the high-1ift range over that obtained with 0.25b/2 chord~-extensions.
In both cases, however, the reduced-span chord-extensions eliminated the
initial serodynamic-center shift and hence materially reduced the over-
all serodynemic-center travel of the plain wing. With the chord of the
chord-extensions reduced to 3 inches (7.4t percent &)}, the aerodynsmic-
center travel was comparable to that obtained with the 6-inch chord-
extensions of reduced spens; that is, the initlial asrodynamic-center
ghift was eliminated but measursble shifts occurred in the high-1ift
range (fig. 12(b)). Reductions in the spans of the 3-inch chord-
extensions allowed aerodynamic-center shifts in the high-11ft range
which may be considered objecticnable (figs. 6 and 12(c)).

The application of chord-extensions had, in general, a stralghtening
effect on the 1lift curves (figs. 4 to 7). It is interesting to note
that amall increases in maximum 1ift were obtained that were somswhat
greater than the increase 1n ares provided by the chord-extensioms.

The drag data (fige. 4 to 7) indicate that chord-extensions had
practically a negligible effect on the drag throughout the 1ift range
elthough a slight decrease 1s obtalined in the maximum-11ift range.

The date presented in figures 6 and 11(d) indicate that chord-
extensions are as effective 1n reducing the serodynamic-center travel
of the plain wing as the extemsible leading-edge flaps. The extensible
leading-edge flaps, 1t should be pointed out, caused an increase 1n drag
over moast of the 1lift range.

6i-geries wing.- The shift of the aerodynamic center from its most
forward to most rearward position between zero and maximwm 1ift for the
plain wing amounted to an 87-percent mean-aerodynsmic-chord. travel
(f1igs. 9 and 13{(a)). Outboard chord-extensions having 6-inch chords
( similar to those used on the circular-arc wing) and loceted over
approximately the outer 0.43 percent of the semispan reduced the large
aerodynemic~center travel of the plein wing apprecisble between zero and
maximum 1ift (figs. 9 and 13(a)). To indicate the effect of the nose
ghape of the chord-extensions on a wing having subsonic alrfoll sectlous,
tests were also maede with round-nose chord-extension (fig. 2). The
resulta obtained (figs. 8, 9, 13(a), and 13(b)) indicate that the initial
asrodynamlic~center shift 1s delayed to a higher 1ift coefficient and the
megnitude of the shift is reduced with either the round~- or sharp-nose
chord-extensione. The date do 1ndicate, however, that the round-nose
chord-extensions are superior to the sharp-noge chord-extensions in
regard to longitudinsl stabillity, maximm 11ift, and drag.

The results obtained on the 64-series wing, even with round-nose
chord-extensions, are not so favorable ae those obtained with chord-
extensions on the circular-arc wing. This fact is especially true from
conslderations of the increase in drag in the moderate-lift range and to
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some extent the longltudinal stability Just at maximum 1ift. The
increase in drag was greatly reduced by using round-nose rather than
sharp-nose chord-extensions on the 6k-series wing. Inasmuch as the
round nose used in these tests was arbitrarily selected, the possibility
exists that it 1s not the optimum nose shape.

The effects of varilations in length of chord and spasn of the chord-
extensions are similar to those obtained on the clrcular-arc wing
(figs. 8, 9, 10, and 13(c)).

The 6-inch round-nose chordi-extensions provide a greater stabilizing
effect than the extemsible leadlng-edge flaps. The 3-inch round-nose
chord-extensions were gabout equally as stabllizing as the extensible
leading-edge flaps.

Flow Characteristics

Although pressure-distribution tests would be required to explain
fully the action of the chord-extenslons, some camments can be made on
the basils of tuft probing and the force data obtained.

Visusl flow observations, by means of a tuft attached to a wooden
probe, indicated that the vortex flow lies along the leading edge from
the wing spex to the plen-form discontinuity. Although the probe
observations then became indefinite, 1t appeared that the vortex flow
trailed off the wing at this station. It was observed that in the case
of the sharp-nose chord-extenslions a secondary vortex formed over the
chord-extensions. No tuft observations were made on the Gk-series wing
with the roumd-nose chord-extenslions.

The elimingtion of the initial serociynamic-center shifts which
occurred on the plain winge when the vortex flow formed, by even the
smallest-chord and smallest-span chord-extensions, indicete that the
discontinuity in plan form evidently diffused the vortex flow emamaeting
from the wing apex in such a way as to prevent any additional 1ift over
the tip sections.

The strength of the secondary vortex whlch forms over the chord-
extensions 1s dependent on the gpaen of the chord-extensions and angle of
attack. This fact 1s indicated by the force data where the large-spen
chord-extenslions provided slightly more negative piiching moment near
meximum 1ift then the shorter-spen chord-extensions and, hence, were
glightly more effective in reducing the aerocdynemlic~-center travel of the
wings. In addition, the secondary vortex probably accounts for the
increase in maximum 1ift not accounted for by the area increase.
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Tn both casés the addition of chord~sextemsions produced straighter
11ft curves although not in the same manner. Tn the case of the circular-
arc wing, chord-extensions caused reductions in 11ft coefficlent in the
moderate-1ift range that can be attributed to the prevention of the
increasese in 1ift over the tip sectione which normally occur when the
vortex flow 1s formed. In the case of the plaln 64-series wing, the
inflection 1n the 1lift curve 18 rather abrupt and occurs at a moderately
high angle of attack. The 1lift curve is strailghtened with chord-
extensions by an Increase in 1ift throughout the low~ and moderate-1lift
range, and this additional 1lift 1s due to the Increamse in wing area in
the case of the round-nose chord-extensions and to the increase in area
and secondary vortex in the case of the sharp-nose chord-extensions

(fig. 9).

The drag due to the chord-extensions on the circular-arc wing was
negligible. The Increase to be expscted from the incressed wing area
was probably compensated for by the diffusion of the vortex flow ema-
nating from the wing apex. In the case of the 6l-peries wing, the sharp-
nose chord-extensions formed a vortex flow at much lower angles of atteck
than the one at which it normally occurred on the plein wing and, hence,
caused a drag increase In addition to that obtained with the increase in
wing area. The increase 1n drag due to the round-nose chord-extensions
was much less because of the fact that a secondary vortex flow is not
precipltated.

The results obtained on the circular-arc and 64-series wings indicate
that altering the effects of the vortex flow by means of chord-extensions
extending over approximately the outer 25-percent and 43-percent semispan,
respectively, produced satisfactory longltudinal stabllity. Thus, two
wings having the same sweep angle and aspect ratio require greatly dif-
ferent spans of chord-extension, which is attributed to the fact that the
formation, strength, emd position of the vortex flow is, among other
things, dependent on leading-edge radius. The two winge considered here
differ greatly in this respect.

CONCLUDING REMARKS

The resuits obtalned with leading-edge wing chord-extensions on two
52° sweptback wings which have aspect ratios of approximately 2.85
indicate that:

On the wing Incorporating circular-arc airfoll sections, sharp-nose
chord-extenslons reduced the aerodynamlc-center shift obtained over the
entire 1ift range with the plain wing from 37 to 5 percent of the mean
asrodynamic chord. The chord-extensione covered the outer 0.25 semispan
and had chords 0.147 of the mean assrodynamic chord. With a reduced chord
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or span, the stabilizing effectiveness of the chord-extensions was
reduced in the vicinity of maximum 1ift.

The application of round-nose chord-extenslons over approximately
the outer 0.43 semispan on the wing incorporating NACA 6M4;-112 airfoil

sections substantially lmproved the langltudinal stability.

An analyeis of the flow would indicate that the diffusion, at the
plan-form discontinulty provided by the chord-extemnsions, of the vortex
flow emanating from the wing apex, snd for some condlitions the formation
of a secondary vortex flow over the chord-extenslons, was responsible
for the improvement 1n longltudinal stability of the two wings tested.

The longitudinal setability obtalned with chord-extensions was as
good as.that obtalned with extensible leading-edge flaps.

Langley Aercnsutlcal Iaboratory
' Natlional Advisory Commlittee for Aeronsutics
Langley Alr Force Base, Va.
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Figure 10.- The effect of a round 6-inch leading-edge chord-extension
of several spans on the aerodynamic characteristics of an NACA
6h-series 52° sweptback wing; R = 6,000,000,
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Figure 11.- A comparison of the effects of leading-edge flaps and round
3-inch leading-edge chord-extension on the aerodynsmic characteristics
of an NACA 6L-series 52° sweptback wing; 0.43b/2 span; R = 6,000,000.
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